Background/Aims: Emerging studies have shown that the neutrophil-lymphocyte ratio (NLR) is a potential predictor in various tumors. Our study was conducted to assess the prognostic value of the pretreatment NLR in bladder cancer and metastatic or unresectable urothelial carcinoma (mUC or uUC) patients up to July 2017. The correlation between the pretreatment NLR and pathological characteristics was also evaluated in bladder cancer patients. Methods: The hazard ratio (HR) and odds ratio (OR) with the 95% confidence interval (CI) were extracted or calculated from the included studies for further pooled analysis. A total of 21 studies were included in a pooled analysis. Results: The pooled results indicated that a high pretreatment NLR was associated with reduced overall survival (OS) (HR=1.27, 95% CI=1.12-1.43), relapsefree survival (RFS) (HR=1.41, 95% CI=1.23-1.60), progression-free survival (PFS) (HR=1.75, 95% CI=1.36-2.15), disease-specific survival (DSS) and cancer-specific survival (CSS) (HR=1.27, 95% CI=1.19-1.35) in the bladder cancer patients. Additionally, an elevated pretreatment NLR suggested a worse OS rate in the mUC or uUC patients (HR=1.63, 95% CI=1.34-1.91). The pooled ORs and 95% CIs showed that a high pretreatment NLR could be a risk indicator for certain pathological features, such as lymphovascular invasion, a positive margin status and advanced tumor stage. Conclusions: our results showed that a high pretreatment NLR predicted poor prognosis in bladder cancer, mUC and uUC patients.
Introduction
An estimated 79, 030 new bladder cancer cases will be diagnosed and an estimated 16, 870 cancer-related deaths will occur in the United States in 2017 [1] . Urothelial carcinoma is the most common type in bladder carcinomas, up to 95% of bladder malignancies are urothelial carcinomas, which are derived from the lining surface epithelium of urinary tract from the calyces to the distal ureter [2] [3] [4] . Nearly 75% of patients are diagnosed with nonmuscle-invasive bladder cancer (NMIBC), and the remaining patients have muscle-invasive bladder cancer (MIBC) or metastatic disease [5] . A transurethral resection of bladder tumor (TURBT) is the initial step for NMIBC patients, radical cystectomy (RC) is the gold standard therapy for MIBC patients, and cisplatin-based combination chemotherapy is the main treatment for metastatic urothelial carcinoma (mUC) or unresectable urothelial carcinoma (uUC) patients [5] [6] [7] . Despite developments in the management of bladder carcinomas, the outcomes have remained largely unchanged over the past three decades, and the decisionmaking process in the treatment of urothelial carcinoma is often challenging [6, 8] . To maximize the positive effect for bladder cancer, mUC and uUC patients, it is imperative for us to focus on the identification of prognostic biomarkers for risk stratification and individual therapies.
Accumulating studies have reported that a systemic inflammation is associated with the development and progression of various tumors [9] [10] [11] . More recently, SIR-related biomarkers, such as C-reactive protein (CRP) [12] , the lymphocyte-monocyte ratio (LMR) [13] , and the platelet-lymphocyte ratio (PLR) [14] , have been investigated as potential predictors in bladder cancer. The neutrophil-lymphocyte ratio (NLR) has also been investigated as an economic and readily available predictor for bladder tumors in a few studies [15] [16] [17] [18] [19] .
Previous systematic reviews and meta-analyses have assessed the NLR as a prognostic indicator in upper urinary tract urothelial carcinoma (UUTUC) [20] or urothelial carcinomas [21] . Although UUTUC and urothelial carcinoma of the bladder share many features, they represent two different diseases with varying risk factors, biological behaviors and prognoses [4, 22] . Moreover, various tumor stages, surgical procedures and therapies can also influence the prognosis of bladder cancer, which may contribute to the heterogeneity among the studies included for pooled analysis. Therefore, our study was conducted to evaluate the prognostic role of the pretreatment NLR in bladder cancer patients treated with RC or TURBT and in mUC or uUC patients treated with systemic chemotherapy.
Materials and Methods

Literature search
We systematically searched Pubmed, Embase, and the Web of Science up to July 1st, 2017 for studies involving the pretreatment NLR along with bladder cancer and metastatic or unresectable urothelial carcinoma. The following search terms were used: (bladder cancer OR bladder carcinoma OR bladder tumor OR urothelial carcinoma of bladder OR transitional carcinoma of bladder OR metastatic urothelial carcinoma OR unresectable urothelial carcinoma) AND (NLR OR neutrophil to lymphocyte ratio OR neutrophillymphocyte ratio OR neutrophil lymphocyte ratio). References in the identified articles were searched for potential inclusion. Duplicate studies were removed using EndNote software version X7 (Thomas Reuters, New York City, NY, USA).
Inclusion criteria
We included studies if (1) the diagnosis of bladder cancer or metastatic urothelial carcinoma was confirmed by pathology, (2) the NLR was defined as the absolute neutrophil count divided by the absolute lymphocyte count and was derived from serum samples collected from patients before treatment, and (3) the studies investigated the prognostic role of the pretreatment NLR and provided sufficient information to extract HRs and 95% CIs for the prognostic variables (OS, RFS, PFS, DSS/CSS). 
Exclusion criteria
Studies were excluded if they met the following criteria: (1) the published data were in reviews, letters, case reports, editorials, conference abstracts or animal studies; (2) the HRs and 95% CIs were calculated using a continuous variable for the NLR; (3) there were duplicate or overlapping data; (4) the number of patients was <10; or (5) the studies were not relevant regarding the association between the pretreatment NLR and the prognostic variables (OS, RFS, PFS, DSS/CSS) in bladder cancer, mUC or uUC.
Data synthesis and analysis
The following data were extracted using a predefined form: first author's name (year of publication), study design, geographical area of patients, number of cases, diagnosis, cut-off value, prognostic variables and analysis methods (multivariate analysis or univariate analysis). The raw data reporting the association between the pretreatment NLR and pathological features in the included studies were also collected and used to calculate the ORs and related 95% CIs with SPSS software, version 19 (International Business Machines Corporation, New York City, NY, USA). The pathological features included concomitant Cis (yes vs. no), lymphovascular invasion (yes vs. no), lymph node stage (N+ vs. Nx, N0), lymph node involvement (yes vs. no), margin status (positive vs. negative), tumor stage (≥T3 vs. <T3), tumor stage (T1 vs. Ta), multifocality (yes vs. no), tumor grade (3 vs. 1, 2), tumor grade (high vs. low) and tumor size (≥3cm vs. <3cm).
The NOS system was adopted to evaluate the quality of the included studies [23] . The NOS system scores ranged from 0 to 9 and covered three general aspects: subject selection, comparability of groups, and clinical outcome. Both the data extraction and quality assessment of the included studies were reviewed by two reviewers independently, and any disagreement was addressed through discussion with a third reviewer.
Statistical analysis
The HRs and related 95% CIs (high vs. low level of NLR) were extracted to assess the association between the pretreatment NLR and prognostic variables (OS, RFS, PFS and DSS/CSS). The ORs and related 95% CIs were calculated to evaluate the correlation between the pretreatment NLR and the pathological characteristics of bladder cancer. The pooled HRs or ORs were analyzed using the Stata software program, version 12.0 (StatCorp, College Station, TX, USA). Heterogeneity among the included studies was assessed using the I-square (I 2 ) result and p-value. An I 2 value >50% or p-value <0.05 indicated the presence of significant heterogeneity. We preferred to calculate the pooled HRs or ORs using the random-effects model; otherwise, we chose the fixed-effects model. If a pooled HR was >1 and 1 was also not included in its 95% CI, this result suggested that a high pretreatment NLR significantly correlated with a worse outcome in bladder cancer, mUC or uUC patients.
To detect potential heterogeneity among the included studies, subgroup analyses and sensitivity analyses were conducted. Publication bias was assessed with Begg's funnel plot and Egger's linear regression [24, 25] . If the result from a Begg's or Egger's test indicated the existence of significant publication bias, the trim and fill method was utilized to adjust the pooled HRs and related 95% CIs [26, 27] . A difference with a p-value <0.05 was deemed statistically significant.
Results
Literature search and study selection
A total of 341 studies were initially identified using the search strategy detailed in the Materials and Methods section, and 212 studies remained after the removal of duplicates. After screening the titles and abstracts, 73 studies were excluded because the publications were one of the following: a review, letter, case report, editorial, or conference abstract. Therefore, 139 remaining studies were further evaluated for eligibility, and 118 studies were further excluded because they were animal studies, had no survival data with the pretreatment NLR, were without sufficient data to extract the HRs and 95% confidence intervals (CIs), used a continuous variable as the cut-off value, or had overlapping patients or <10 patients. A total of 21 studies were finally included in this pooled analysis, of which 17 studies included 11, 262 bladder cancer patients treated with RC or TURBT [15] [16] [17] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] and 4 studies involved 862 mUC or uUC patients treated with systemic chemotherapy [42] [43] [44] [45] . The flow diagram for the study selection process is depicted in Fig. 1 
Characteristics of the included studies
The number of patients in the study populations ranged from 50 to 4198. The bladder cancer patients underwent TURBT or RC, and systemic chemotherapy was chosen as the main therapy for the mUC or uUC patients. The NLR data were collected before surgery or chemotherapy in the included studies. The cut-off values for the NLR ranged from 2 to 5, and the cut-off value was not specified in 3 studies [15, 35, 38] . In Mano's study, there were two cut-off values, one each to evaluate the prognostic role of the NLR in progression-free survival (PFS) and relapsefree survival (RFS) [31] . All the NLRs were derived from serum before treatment. Overall survival (OS) was investigated as the prognostic variable in 13 studies, of which 9 studies involved bladder cancer patients and 4 studies investigated mUC or uUC patients. The prognostic role of the pretreatment NLR regarding RFS, PFS and diseasespecific survival/cancer-specific survival (DSS/CSS) in bladder cancer patients was evaluated in 9, 7 and 9 studies, respectively. Of the 21 included studies, Hermanns's study reported adjusted HRs and 95% CIs [29] , Table 1 . Characteristics of included studies. BC: bladder cancer; OS: overall survival; RFS: recurrence-free survival; PFS: progression-free survival; CSS: cancer-specific survival; DSS: disease-specific survival; RC: radical cystectomy; TURBT: transurethral resection of bladder tumor; M: multivariate analysis; U: univariate analysis; A: adjusted hazard ratio; mUC: metastatic urothelial carcinoma; uUC: unresectable urothelial carcinoma; NS: not specified 
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Cellular Physiology and Biochemistry while 3 studies reported HRs and 95% CIs derived only from a univariate analysis [42, 44, 45] ; the remaining studies presented HRs and 95% CIs obtained by a multivariate analysis. With regard to the quality assessment of the included studies, the Newcastle-Ottawa Scale (NOS) scores ranged from 6 to 8. The detailed characteristics are shown in Table 1 .
Prognostic significance of NLR for OS in bladder cancer patients
Nine studies comprising 7726 patients presented the survival data regarding the pretreatment NLR and OS in bladder cancer patients. Overall, the pooled result derived from the random-effects model indicated that an elevated pretreatment NLR was significantly correlated with reduced OS (HR=1.27, 95% CI=1.12-1.43) (Fig. 2A) . Next, we performed a subgroup analysis according to the surgical procedures with patients divided into RC or TURBT populations, and the pooled results also suggested that the pretreatment NLR was associated with a worse OS rate regardless of the different surgical procedures. To identify potential heterogeneity, we further conducted subgroup analyses according to the sample size (>400 and <400), stratified cut-off values (≥3, <3 and not specified), and geographical area of the patients (Asian and non-Asian). A significant association between a high pretreatment NLR and reduced OS was observed in all the subgroup analyses, which is consistent with the overall pooled result. The detailed results from the subgroup analyses of the pretreatment NLR and OS are summarized (for all online suppl. material, see www. karger.com/doi/ 10.1159/000489152) in Suppl. Table S1 .
Pretreatment NLR and OS in mUC or uUC patients
Four studies reported the prognostic data for the NLR and OS in 862 mUC or uUC patients mainly treated with systemic chemotherapy. The pooled HRs and 95% CIs indicated that a high pretreatment NLR was correlated with a worse OS rate in mUC or uUC patients (HR=1.63, 95% CI=1.34-1.91) (Fig. 3) . No significant heterogeneity was found among the included studies (I 2 =0.0%, p=0.924) (Fig. 3) . 
Prognostic value of NLR for RFS in bladder cancer patients
Of the included studies, 9 studies comprising 8075 patients evaluated the association between an elevated pretreatment NLR and RFS in bladder cancer patients. According to the overall pooled result, an elevated pretreatment NLR was associated with a shorter RFS time in bladder cancer patients (HR=1.41, 95% CI=1.23-1.60) (Fig.  2B) . Furthermore, we conducted subgroup analyses to explore potential heterogeneity, and the results from the subgroup analyses indicated a significant correlation between a high pretreatment NLR and reduced RFS in bladder cancer patients (see online suppl. material, Suppl. Table S2 ). Regarding the two main surgical procedures for bladder cancer patients, both of the pooled HRs suggested that high pretreatment NLRs were correlated with worse RFS rates in both the TURBT population (HR=1.53, 95% CI=1.19-1.87) and the RC population (HR=1.23, 95% CI=1.14-1.33) (see online suppl. material, Suppl. Table S2 ).
Effect of NLR on PFS in bladder cancer patients
The correlation between the pretreatment NLR and PFS was reported in 7 studies involving 3491 bladder cancer patients. The combined analysis showed that a high pretreatment NLR was significantly associated with a poorer PFS in bladder cancer patients (HR=1.75, 95% CI=1.36-2.15) (Fig. 2C) , without significant heterogeneity (I 2 =0%, p=0.829). When we divided the included patients into TURBT (2925 patients) and RC (566 patients) populations, the result was similar in the TURBT population (HR=1.86, 95% CI=1.35-2.38), while the pooled result from the RC population indicated no significant association between the NLR and RFS (HR=1.60, 95% CI=0.98-2.22). Regarding the subgroup analyses of the sample size (>400 and <400), geographical area of the patients (Asian and non-Asian) and different cut-off values (≥3, <3 and not specified), all the results demonstrated that a high pretreatment NLR predicted poorer PFS in bladder cancer patients. The details are shown (see online suppl. material) in Suppl. Table S3 .
Prognostic role of NLR regarding DSS/CSS in bladder cancer patients
Nine studies comprising 6196 patients provided the survival data to assess the pretreatment NLR in relation to DSS or CSS in bladder cancer patients. All the included patients were treated with RC. The overall result suggested that a high pretreatment NLR was significantly associated with worse DSS/CSS in bladder cancer patients (HR=1.27, 95% CI=1.19-1.35) (Fig. 2D) . A significant correlation was also found in the subgroup analyses detailed (see online suppl. material) in Suppl. Table S4 .
NLR in the risk assessment of pathological characteristics in bladder cancer patients
Ten included studies reported the relationship between the pretreatment NLR and the pathological features in bladder cancer patients. The pooled odds ratios (ORs) and 95% CIs suggested that a high pretreatment NLR was a potential predictor of the risk of lymphovascular invasion (OR=1.38, 95% CI=1. 21 95% CI=1.12-2.44), but there was no significant correlation with concomitant carcinoma in situ (Cis), lymph node involvement, lymph node stage, tumor multifocality or tumor size. The results are detailed in Table 2 . Cellular Physiology and Biochemistry
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Sensitivity analysis
We performed leave-one-out sensitivity analyses by removing each study in turn to evaluate the impact of any single study on the pooled results. No significant alteration was observed for the HRs and related 95% CIs concerning OS, PFS or DSS/CSS. However, regarding RFS in bladder cancer patients, the sensitivity analysis indicated that D' Andrea's study with an RC population was the main source of heterogeneity (see online suppl. material, Suppl. Fig. S1B) . After removing the abovementioned study, the heterogeneity was obviously decreased. However, the corresponding pooled HR and 95% CI still suggested that a high preoperative NLR was associated with reduced RFS (HR=1.41, 95% CI=1.27-1.55) (see online suppl. material, Suppl. Fig. S2) . Collectively, the results from the sensitivity analyses indicated that our findings were relatively stable.
Evaluation of publication bias
Begg's funnel plots indicated significant asymmetry concerning the NLR with OS (p=0.048, Fig. 4A ), NLR with RFS (p=0.048, Fig. 4B ), NLR with PFS (p=0.035, Fig. 4C ) and NLR with DSS/CSS (p=0.009, Fig. 4D ) in bladder cancer patients, but no substantial symmetry was found for the NLR with OS in the mUC or uUC patients (p=0.734, Fig. 4D) . Moreover, the results from Egger's test were similar to those from Begg's test (see online suppl. material, data shown in Suppl. Fig. S3 ). For the analyses with significant publication bias, we further performed "trim and fill" analyses. The "trim and fill" results suggested that there were 5, 5, 3 and 4 unpublished studies assessing the pretreatment NLR with OS, RFS, PFS and DSS/CSS in bladder cancer patients, respectively (see online suppl. material, Suppl. Fig. S4A-D) . Meanwhile, the "trim and fill" result also indicated there was no unpublished studies assessing the pretreatment NLR with OS in the mUC or uUC patients (see online suppl. material, Suppl. Fig. S4E ). However, the results from the adjusted models using the "trim and fill" method were consistent with our primary pooled results; the details are shown (see online suppl. material) in Suppl. Table S5 .
Discussion
Chronic inflammation is involved in the development and progression of invasive and metastatic bladder cancer [46] . Immune cells play multifaceted roles in the tumor microenvironment via dynamic and extensive communication with cancer cells [47] . Neutrophils can contribute to chronic inflammation and promote tumor angiogenesis and growth by secreting specific molecules [46, 48] . A deficiency in or disruption of lymphocytes is involved in the SIR and promotion of malignancies [13, 47] . The NLR, calculated as the absolute neutrophil count divided by the absolute lymphocyte count, has often been investigated as a potential indicator in various tumors [49] [50] [51] . Bladder cancer is still a challenging issue, especially the muscle-invasive and metastatic diseases, and efforts to explore and validate prognostic biomarkers for use in the personalized treatment of bladder cancer, mUC or uUC carcinoma patients are urgently required [5, 6, 52] .
In this pooled analysis, 17 studies were included to evaluate the prognostic role of the pretreatment NLR with the following prognostic variables: OS, RFS, PFS, and DSS/CSS in bladder cancer patients. Our primary results indicated that an elevated pretreatment NLR significantly correlated with reduced OS, RFS, PFS, and DSS/CSS in bladder cancer patients. Regarding the surgical procedures, the included patients were divided into a TURBT population and an RC population, and the pooled results suggested that a high pretreatment NLR predicted reduced OS, RFS and DSS/CSS in bladder cancer patients regardless of treatment with TURBT or RC. A high pretreatment NLR predicted a shorter PFS time in the TURBT population, while no significant association was found in the RC population; however, this result should be cautiously interpreted due to the limited studies and patients in the RC population. To further explore potential heterogeneity among the included studies, subgroup analyses were conducted, and a high pretreatment NLR was also indicated as a potential prognostic biomarker for bladder cancer patients, regardless of the cut-off values Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry or geographical area of the patients. Sometimes, therapeutic strategies may be difficult to determine due to the insufficient information available before treatment. To improve the management of bladder cancer, it is urgent that new pretreatment risk stratification models for multimodal treatment strategies are developed in bladder cancer patients [28] . Therefore, we assessed the association between the pretreatment NLR and pathological characteristics, and our pooled results demonstrated that the pretreatment NLR could be a significant indicator for lymphovascular invasion (yes vs. no), margin status (positive vs. negative), tumor stage (≥T3 vs. <T3 or T1 vs. Ta) and tumor grade (3 vs . 1, 2) . However, no significant association could be found between the pretreatment NLR and concomitant Cis, lymph node involvement, lymph node stage, tumor multifocality or tumor size, which were similar to the pooled results in urothelial carcinoma but differed to some extent [21] .
Urothelial carcinoma is the most common type of bladder cancer [3] . Conducting surgery is the first choice for organ-confined bladder malignancies. Cisplatin-based systemic chemotherapy has been recommended as standard care for mUC or uUC patients, and novel agents alone or in combination are in development for patients with cisplatin-resistant mUC or uUC [42, 53, 54] . However, mUC or uUC is still an intractable disease with a poor prognosis. Emerging studies have evaluated the prognostic value of the NLR in mUC or uUC patients, and there have been conflicting results [42] [43] [44] [45] . In this context, we performed our study to evaluate the prognostic role of the pretreatment NLR in mUC or uUC patients treated with systemic chemotherapy, and the pooled result indicated that an elevated pretreatment NLR predicted worse OS in mUC or uUC patients with no significant heterogeneity among the included studies, which suggests that the pretreatment NLR is a prognostic indicator for mUC or uUC patients.
To avoid heterogeneity among the studies in this pooled analysis, we only included those studies with stratified or unspecified cut-off values for the NLR. Some studies that used a continuous variable for the NLR also reported a correlation between a high pretreatment NLR and a poor prognosis in bladder cancer, mUC or uUC patients [42, 55] . Moreover, derived-NLR (dNLR), calculated as the absolute neutrophil count/(white blood cell count -neutrophil count), has also been investigated as a prognostic indicator in bladder cancer patients [56] . However, additional large-scale studies are still required to verify the prognostic role of NLR-derived biomarkers and to determine the optimal cut-off values for the NLR or dNLR.
More recently, Tang et al. has published a meta-analysis about the clinical use of NLR in bladder cancer patients, and their results also indicated high NLR was associated with poor prognosis in bladder cancer patients [57] . However, there are still many different points in our manuscript, compared to Tang et al's study. Firstly, we included the eligible studies up to July, 2017, there are more included studies for pooled analysis in our manuscript. Second, in order to make the included studies more comparable, we just focused on the NLR derived from "serum before treatment". Secondly, in addition to evaluate the role of NLR with primary prognostic outcomes (OS, RFS, CSS/DSS, PFS), We also have conducted comprehensive assessment of the association between pretreatment NLR and the pathological characteristics in bladder cancer patients. Moreover, our pooled analysis was conducted to focus on the prognostic role of the pretreatment NLR in bladder cancer, mUC or uUC patients. Subgroup analyses according to the different treatments that patients received were also performed to validate our results. Last but not the least, comparing to Tang et al's study, we have used more detailed and in-depth methods, such as sensitivity analysis, "trim and fill" analysis to explore the potential heterogeneity and validate our conclusions. However, certain limitations to our study still existed. First, most of the included studies were designed as a retrospective studies, which could contribute to potential heterogeneity in patient selection. Second, substantial heterogeneity was found among the included studies regarding analyses of the NLR and OS, RFS and DSS/CSS. Therefore, we performed subgroup analyses and sensitivity analyses to explore this heterogeneity, and the results confirmed our primary findings. Third, significant publication bias could be identified among the studies of OS, RFS, PFS Cellular Physiology and Biochemistry
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and DSS/CSS in bladder cancer patients according to Begg's and Egger's tests. Most of the included studies reported that an elevated pre-treatment NLR significantly correlated with a poor prognosis in bladder cancer patients, and some studies with neutral results were not included due to insufficient data [58, 59] , which may contribute to the publication bias. Trim and fill analyses were performed to estimate the missing publications, and the filled analyses validated our results in both fixed-and random-effects models. Additionally, nearly all the included studies reported multivariate HRs and 95% CIs. However, three studies involving mUC or uUC patients reported only univariate HRs and 95% CIs [42, 44, 45] , which may have overestimated the prognostic role of the pretreatment NLR.
Conclusion
Our results demonstrated that the pretreatment NLR is a prognostic indicator for bladder cancer, mUC and uUC patients. An elevated pretreatment NLR was associated with reduced OS, RFS and DSS/CSS in bladder cancer patients regardless of whether they were treated with TURBT or RC. A high pretreatment NLR predicted a shorter PFS time in the TURBT population, while no significant association was found in the RC population. For mUC or uUC patients treated with systemic chemotherapy, a high pretreatment NLR indicated a worse OS rate. Additionally, the pretreatment NLR could be a risk predictor for pathological features. Collectively, the pretreatment NLR is an economic and practical biomarker and has potential value for clinical decision-making and personalized therapy for bladder cancer, mUC and uUC patients. Well-designed prospective studies are still necessary to validate our findings in the future.
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